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Current Biology 27, R1249-R1267, December 4, 2017 that should worry the delegates at the COP23 meeting. "The green economy is booming in China and elsewhere, but growing energy demands are also being met with new oil, coal and natural gas infrastructure," Jackson said in a press statement.
Meanwhile, a large-scale analysis of the impact of climate change on public health underlines the urgent need for action to stop the rise of carbon dioxide concentrations. Based on statistical analyses of 80 million deaths recorded in more than 400 locations around the world, Antonio Gasparrini and colleagues from the London School of Hygiene and Tropical Medicine find that continuing on the current climate change trajectory would cause significant increases in mortality by the end of the century, particularly in the countries which already have a warm climate (Lancet Planet. Health (2017) https://doi.org/10.1016/ S2542-5196(17)30156-0). In a more optimistic scenario, the authors conclude that efficient measures to limit further warming could still avoid most of this additional mortality burden.
As analyses linking industrial emissions to climate effects, to weather extremes, and onwards to health outcomes become more sophisticated, calls for 'climate justice' and economic compensation are likely to become louder. As different nations and stakeholders have very different views on this issue, this development is likely to make international agreement on climate change even more difficult, as Otto and colleagues have discussed in a recent analysis of loss and damage perspectives on climate change (Nat. Clim. Change (2017) 7, 723-728) .
The delegations are still meeting in Bonn as this article goes to press. Even though they don't have to come up with a new agreement and are only tasked with working out ways of implementing and ratcheting up the Paris accord and its pledges, they will have no shortage of issues to discuss in their Fiji-inspired talanoa. What turned you on to biology in the fi rst place? Science was not my favorite subject at school. I enjoyed the laboratory sections (apart from dissections) and liked learning about how the world works, but never saw it as a career option. During my first two undergraduate years at the University of Virginia, I was a Psychology major and hoped to go into research in the area of human behavior and cognition. However, as time went on I became more and more frustrated by the reliance on correlative patterns to test hypotheses. At the same time, I began work as a part-time research technician in the laboratory of Janis Antonovics, whose group was working on the beginning stages of a host shift in a sexually transmitted plant pathogen between two co-occurring Silene species. In addition to learning numerous new molecular and experimental methods, I was also included in lively labmeeting debates on new theoretical and empirical work in disease ecology. This exposure opened my eyes to the power of experimental biology in general, and to experimental evolution in particular. I was then given the opportunity to undertake an experiment comparing the impact of pathogen-strain relatedness on coinfection success (Koskella et al. (2006) Am. Nat. 168, 121-126), at which point I was convinced that science was for me! The realization that a carefully designed and properly controlled experiment could help answer biological mysteries, such as why organisms sexually reproduce when clonal reproduction is so much more efficient, was eye-opening. I began to seek such questions out wherever I could, and suddenly the world looked a whole lot more like a recent crime scene, with tantalizing evidence, and a whole lot less like a textbook.
What aspects of your research are you currently most excited about? This is an amazing time to be a biologist. The more we learn about the microbiome, the more we appreciate its involvement in every facet of life, shaping host health, interactions among species, both microand macro-evolutionary change, and even ecosystem function and resilience. The applied angle of microbiome research is only beginning to come to light, but already there is promise of, for example, increased drought and pathogen resistance in crops, as well as clinical success stories of microbiome transplants in humans to treat disease. In my own work, there are two exciting
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Current Biology 27, R1249-R1267, December 4, 2017 R1253 leads we are now following up on. First, we are moving towards a better understanding of how bacteriophage viruses shape the microbiome, including during initial establishment and transmission among hosts. We are using tomato plants as a model system in which we can take either a communitylevel approach by 'depleting' phages from the microbiome as a whole, or a more controlled approach by piecing back together pairwise interactions between bacteria and phages in synthetic microbiomes. Together, these two approaches will help us uncover how phages impact upon microbiome diversity, composition, evolution, and ultimately host health. Second, we are working to build a predictive framework for characterizing the protective effects of the microbiome against pathogen colonization. We have recently published correlational data from horse chestnut trees across the UK that show bark microbiome composition is associated with the bleeding canker disease caused by the pathogen Pseudomonas syringae pathovar aesculi (Koskella et al. (2017) New Phytol. 215, 737-746) . We are now using the tomato system to test the underlying causation of this pattern: is it that disease leads to a shift in the microbiome, or is pre-existing variation in microbiome composition predictive of disease susceptibility? If the latter, we hope to leverage this pattern to build better synthetic communities that confer plant protection against pathogens.
What parts of your job do you value the most? I most value the chance to work with remarkable and talented people and the fact that I get paid to be creative. I often think I have the best job in the world, despite the constant stress of being behind with deadlines. First, I get to engage with incredible colleagues and have the privilege of mentoring and advising amazing and enthusiastic students and budding researchers. By far the most rewarding part of my job is seeing these students and mentees succeed and develop their love of science. The drive to answer questions about how the world works unites people from all backgrounds, and it is very rewarding to hear or read about the diversity of approaches and ideas being tested to address the same big questions. I also enjoy that I am able to shape my own goals depending on which research leads I feel are most interesting and exciting. Although grant writing can be a slog at times, I love sitting down and brainstorming the best experimental design to answer a particular question and to think about all the things we still don't know! How do you decide what research to pursue next? Reflecting on the studies I have done that I am most proud of, it seems many of my most exciting scientific moments have come after I've been thinking about a new question or study system or, in the most extreme case, switched fields. In these cases, I've had the opportunity to sit down, read deeply, and really synthesize the literature with fresh eyes. This allowed me to identify important gaps in our understanding of foundational topics, and also to think about these problems with a level of naivety that I feel can be important. Sometimes, when we are so deep into the trees that we can no longer see the forest, it is easy not to embark on a new direction due to fear that it's too high risk or too 'black box'. Many of the projects I've undertaken I may never have even attempted had I been established in the field and thought I understood it well enough.
When you switch questions, systems, or fields, there is a chance to really embrace your lack of understanding and not be scared to ask the most basic of questions -those that are often stated in the introduction of papers as fact, but do not actually have much empirical data behind them. When it was time to think about what I wanted to do for my postdoc, for example, I read all of the bacteria-phage literature that I could get my hands on. I found it all incredibly exciting, but was also frustrated that we had such a good understanding of what was happening and what could happen in a test tube, and yet so little understanding of what was happening and could happen in an actual population/community. That meant that I could start a project on what phages are doing in nature without the fear that it wouldn't work, or the concern that I may not ever be able to unravel the complexity of the natural community. I felt we had a good enough understanding of what was happening at the mechanistic level -based on in vitro studies -that I could afford to test whether these led to the predicted general patterns in nature without too much focus on mechanism. Taking this approach allowed me to confirm some existing theoretical predictions about bacteria-phage interactions, and also to identify some intriguing and unexpected patterns (e.g. Koskella and Parr (2015) Philos. Trans. R. Soc. B 370, 20140297) that we are now working to explain using our laboratory model system.
A lot of the research you've done could have been performed a hundred years earlier. Why do you think that it wasn't?
There is a lot of value in technological advancement (indeed, I have recently bought a droplet digital PCR machine for the lab and am amazed at what we can do and how quickly we can do it), but the research I've undertaken thus far has been much more driven by advances in scientific theory than advances in technology. As such, even though the methods I've used have been around for decades, the questions I am answering have not. I believe scientific advancement is in equal parts conceptual advancement and technological advancement, and that true progress requires investmentintellectual and monetary -in both.
What is the best career advice you have been given? To remember that science is a long game. This was advice given by Professor Angela McLean from Oxford University during a talk she gave at an Athena Swan Women in Science event at the University of Exeter, and it has become my main mantra. With two young children and a husband who is also an academic, I find it very difficult to know when to say 'yes' and when to say 'no' to opportunities and requests. I am continually honored and humbled by the invitations I receive to speak, contribute to special issues, review papers and grants, and participate in various events -and, of course, engaging in such activities is key to success in my field. However, I also value my family life and love being at home with my kids. Turning down an opportunity is always a challenge, and I am now finding the need to do this much more often. I try to keep in mind that these opportunities are likely not specific to this particular time in my career/life. In other words, I don't need to do everything now. And, as McLean rightly pointed out, a good supervisor/ chair/dean will understand that your R1254 Current Biology 27, R1249-R1267, December 4, 2017 career is a long game and should be judged as such.
What recent paper do you most wish you had written? There have been so many terrific new papers in the microbiome field that this is a very tricky question to answer. Instead, I will focus on the phage side of things and choose the paper by Erez and colleagues entitled "Communication between viruses guides lysis-lysogeny decisions", which was published in Nature this year (Nature 541, 488-493). The idea that viruses can communicate with one another to influence decisions about life history is a total game changer. The question of when and how phages are selected to become lysogens (entering the host genome) or to lyse their host cells (thereby pumping out new virions that infect other cells) is one that has intrigued me since I entered the field. This is not just interesting in terms of evolutionary theory, but is critical in terms of predicting phage-mediated horizontal gene transfer, pathogen virulence, and impacts upon bacterial populations and communities. Their study shows that phages from one point in time can leave behind clues regarding host availability that influence the likelihood of 'future' phage integration into host genomes. The study is both elegant and intuitive, and I am excited to see how this result impacts upon the virology field as a whole.
That brings up the question: are viruses alive? I will politely dodge that question by saying: they are not dead.
If you were sitting next to a politician, what is the one point you would most like to convey about science? I believe very strongly in the importance of funding basic research. I think the link between basic research and applied 'breakthroughs' is often lost in translation from peer-reviewed science to popular media. As a result, there is a common misconception regarding how scientific funding can be most efficiently used to address societal problems. With few exceptions, funding aimed directly at solving a particular problem (e.g. how to edit a genome, increase crop yield, reduce antibiotic resistance, or cure a particular disease) does not lead directly to answers. Instead, most pivotal research that opens new research avenues for application has come from studying questions that are not obviously of applied relevance. I think this is a key point to emphasize, especially in the current political climate where scientific funding for human health is being increased, which is a good thing, but funding for more basic research (e.g. through the US National Science Foundation) is under constant threat.
More generally, I would also work to emphasize the importance of teaching the scientific method and critical thinking. By making the scientific curriculum a key aspect of the K-12 experience, and getting students engaged in and excited about the process of science, the generation of data, and the ability to critically assess evidence, we will create a generation of citizens that are driven by, not weary of, data and empirically driven policy decisions.
You seem to be quite active on Twitter. Do you think this is a good use of your time? Yes! Although I was never one to actively engage in social media before Twitter, I have found this particular platform (and community) to be a hugely valuable resource. In fact, when asked to do this Q & A, I turned to Twitter to ask for inspiration for questions to answer. Among the ways in which I find Twitter useful are: as a way to stay up-to-date with relevant literature; as a way of building a broad support network to both celebrate successes and commiserate about the many rejections encountered along the way; to highlight work that we are doing (if you haven't read this paper, case in point here: Peoples et al. (2016) PLoS One 11, e0166570 -thanks @ScienceisMetal for alerting me to this); and to meet new collaborators and colleagues. I recommend Twitter regardless of whether you want to join the conversation -and there are a lot of terrific scientific debates on there -or just eavesdrop. Twitter has also allowed individuals who are united by experience, but likely will never meet in person, to come together and share ideas or empower one another. It also acts as a great stress relief at the end (or middle) of a long day. Drop in and say hello @ bkoskella. suffer from imposter syndrome, but have learned to embrace it rather than let it undercut my accomplishments.) Prior to entering graduate school, I would have loved to continue as a snowboard instructor. It was by far the best job I've ever had. With my given training now, however, if I had to leave Science I would most like to have a career as a scientific consultant whose main task was to help others identify the best experimental design to address a particular question. As far as I know, no such position exists, but it sounds like a little slice of science heaven to me.
If you would not have made it as
What do you think are the biggest unanswered questions in your fi eld at the moment? As a bit of shameless self-promotion, I will point readers to our recent review of what theory still needs to be developed (or refined) to move the microbiome field forward (Koskella et al. (2017) Nat. Ecol. Evol. https://doi. org/10.1038/S41559-017-0340-2). I feel that the microbiome field is opening up more fundamental questions daily than I can even keep up with. Furthermore, the fields of ecology and evolution are both being challenged by the addition of a new axis: a rapidly changing climate. Predicting if, when, and how species and species interactions are being impacted by changes in land use, local climactic conditions, and human-mediated movement is key to understanding, for example, the spread of disease, the success or demise of particular species, and ecosystem stability. As we continue into the 'Anthropocene', we must acknowledge that much of what we have been working so hard to understand is already being rewritten. Finally, I think it's important to consider the current unanswered questions regarding ethical considerations that have come to light given advances in both genome editing to alter individuals and 'gene drive' approaches to alter populations. As scientists, I believe we must be actively engaged in how science is used, and this can most readily be achieved through better public engagement and discourse.
